ABSTRACT. This study aimed to evaluate the effects of inclusion of crambe bran concentrations (Crambe abyssinica Hochst.) with different specific masses in elephant grass silage (Penninsetum purpureum Schum.). For that, the bromatological and microbiological compositions of the experimental silages were determined. We used 48 mini silos distributed in a completely randomized design, arranged in a factorial 4 × 3, four levels of inclusion of crambe bran (0; 10; 20 and 30%) and three specific masses (400; 500 and 600 kg MN m -3 ), with four replications. After 240 days of fermentation the silos were opened. It was observed linear effect on DM, CP, NDFap, ADFap, HEM, LIG, NFC, TC and population of bacteria that produce lactic acid with the addition of crambe meal. There was interaction between the crambe bran factors and specific masses on the values of pH and N-NH 3 . For MM variables and yeast count there was a negative linear effect due to the evaluated specific mass. The inclusion of crambe bran helps to increase the fermentative profile and the bromatological composition of elephant grass silages studied, and the best results were obtained with the addition of 30% of this coproduct, based on the natural matter.
Introduction
The silage production of tropical grasses either in an area designed for direct production or as a way of using produced surplus in pasture or forage areas, during the favorable period of time to the forage growth, made up an interesting strategy for the livestock roughage supplementation (Faria et al., 2010) . In Brazil one of the main forage used for this goal is the elephant grass (Pennisetum purpureum Schum.), characterized by its high capacity of biomass production and proper nutritional value.
However, tropical grass silage requires some understanding about these forages specific fermentation profile, in order to get an adequate quality final product. In this case, when the cutting of these forages with good nutritional value is desired, the dry matter content (DM) is reduced (18 to 22%), which negatively influences both in the fermentation process, and also promotes some Acta Scientiarum. Animal Sciences Maringá, v. 38, 4, p. 375-382, Oct-Dec., 2016 increase in the nutrients loss due to effluents production. In addition, the reduced carbohydrate ratio (2.5% on average) also constitutes an important obstacle for the exclusive tropical grasses silage (Muck, 2010; Santos et al., 2010) . Thus, the high moisture content together with the low carbohydrate ratio of these forages at the moment of cutting can result in secondary fermentations, mainly the ones promoted by Clostridium bacteria. Such microorganisms act on the breakdown of sugars, lactic acid, proteins and amino acids, promoting excessive productions of butyric acid, acetic acid, ammonia and carbon dioxide, which results in effective losses in silage quality (Cândido, Neiva, & Rodriguez, 2007) .
In this stream, the use of products aiming to enhance the silage efficiency of these forages, either through the improvement of fermentation characteristics or by the reduction of inherent to the process losses, constitute fundamental practice for obtaining good quality grasses silage (Ferrari Junior, Paulino, Possenti, & Lucenas, 2009 ). The use of DM rich additives (generally higher than 80%) and with adequate supply of nutrients can enable the moisture absorption, increasing the DM content of the ensiled material, and even promote improvements in the bromatological composition of the produced silage.
The number of studies regarding the inclusion of moisture absorbents additives in grass silage has grown over the last years (Pires et al., 2009; Rêgo et al., 2010; Santos et al., 2014) . In tropical regions the crambe bran (Crambe abyssinica Hoschst.) a coproduct of the biofuel agribusiness, presents certain particularities in its bromatological composition, such as: high DM content and crude protein (Carrera et al., 2012; Souza, Goes, Silva, Yoshihara, & Prado, 2015) . Thus, the use of crambe bran as an additive for tropical grasses ensilage will enable the increase of dry matter content and even enhance the crude protein content of the silage, making it possible to reduce the costs with the use of protein concentrates in diets, besides reducing possible impacts with the discharge of this co-product directly in the environment.
In order to obtain the proper results for the action of lactic acid producing bacteria, besides the DM and carbohydrate ratio content, the efficient removal of oxygen from the ensiled mass is a necessary condition to enable the growth of anaerobic lactobacilli. The regulation of efficiency of the oxygen removal from the mass to be ensiled is directly modulated by the specific mass adopted in the silage, which is influenced by the type of silo, applied pressure load, total compression time, thickness of added layers and DM content and average size of forage particle (Jobim, Nussio, Reis, & Schmidt, 2007) .
We aimed at evaluating the effect of increasing the inclusion of crambe bran as an additive in elephant grass ensilage with different specific masses, and for this the bromatological and microbiological compositions of silage were determined.
Material and methods
The study was carried out on Fazenda Experimental do Moura which belongs to the Federal University of Vales do Jequitinhonha and Mucuri (UFVJM), located in Curvelo, Minas Gerais, Brazil.
For producing silage elephant grass (Pennisetum purpureum Schum) was used, Napier cultivar, derived from a 1.2 ha forage area, implanted in the second half of October 2012. The crambe bran (Crambe abyssinia Hochst.) was provided by the company Caramuru Alimentos S.A., to be used as an additive in the ensilage. The use of crambe bran was performed with no previous treatment, being physically similar to soybean meal for this coproduct.
The elephant grass cutting happened in the middle of January 2014, respecting the average height of it -1.7 m -, which corresponded to 60 days of growth after the standardization cut. The grass was manually cut, with the help of cutting tools (machete and cleaver), and it was performed close to the ground. Immediately after the necessary amount cutting, grass was chopped in a stationary machine set to obtain ± 10 mm length particles. The chopped material was homogenized and reserved for filling the mini silos.
The mini silos were made in polyvinyl chloride (PVC) tubes, whose dimensions were 60 cm height and 15 cm diameter. The mini silos were made up of a top cover with inner rubber seal on the side and valve type "Bunsen" for gases free escape. After closing the mini silos, they were properly sealed with silica gel to avoid oxygen inlet.
We used a completely randomized design, arranged in 4 × 3 factorial scheme, with four concentrations of crambe bran inclusion (0; 10; 20 and 30%), regarding natural matter (NM) and three specific masses (400; 500 and 600 kg of NM m Table 1 . After 240 days of fermentation the silos were opened. The silages were individually removed from the mini silos, homogenized and, afterwards, we took some samples for laboratory analysis. For evaluating the fermentation parameters, determinations of hydrogenionic potential (pH) and ammonia nitrogen (N-NH 3 ) were carried out. For determining the pH, the juice of each experimental silage was extracted, with the help of a hydraulic press, and afterwards the direct reading with the digital pHmeter was performed. To quantify the content of N-NH 3, a new silage juice was extracted, properly identified, kept in sulfuric acid to 0.036 N and frozen for being determined through the distillation with magnesium oxide later (AOAC, 2005) .
The sample preparation for microbiological analysis was constituted through previous dilution, weighing 25 g of silage, adding to 225 mL of peptone bacteriological water 0.1% sterile ( ) the inoculations for evaluating the lactic acid bacteria (LAB), yeast and filamentous fungi (mold) were performed. For the total score of microorganisms 0.1 mL of each dilution as distributed, in triplicate and spread with Drigalsky handle in Lactobacilli MRS agar (De Man Rogosa Sharpe, Difco) added nystatin (0.4%), for counting lactic bacteria, and the Petri dishes were incubated at 30 o C for 96 hours (Ávila, Pinto, Sugawara, Silva, & Schwan, 2008) .
For scoring the filamentous fungi the Potato Dextrose Agar (PDA) was used, adding chloramphenicol (100 mg L -1 ), and the samples were incubated at 28 o C for 120 hours and the pH of the middle of culture was adjusted for 3.5. In the yeast scoring the YEPG means was used (0.3% yeast extract; 0.3% malt extract; 0.5% peptone; 1.0% glucose; 2.0% agar per liter, containing 100 mg L -1 of chloramphenicol), and the samples were incubated at 28 o C for 72 hours, adjusting the pH to 3.5 (Ávila et al., 2008) . Plaques presenting between 30 and 300 colony forming units (CFU) per Petri dish were considered able to be scored. The present microorganisms numbers were counted as CFU and expressed as logarithm to the base 10.
In order to evaluate the bromatological composition the samples were pre-dried in a forced ventilation oven at 55ºC for 72 hours and, afterwards, scrunched in a knife mill Willey type with a 1 mm sieve. The dry matter content (DM) of the experimental silages was determined in final drying oven at 105ºC for 16 uninterrupted hours. The crude protein analysis (CP), mineral matter (MM) and ether extract (EE) were carried out secondly (AOAC, 2005) .
The neutral detergent fiber analysis corrected for ash and protein (NDFap) and acid detergent fiber corrected for ash and protein (ADFap), using thermostable amylase, were determined according to the methodology described by Mertens (2002) . The total carbohydrates (TC), the non-fibrous carbohydrates (NFC) were obtained according to Sniffen, O'Connor, Van Soest, Fox, and Russell (1992) , through the application of the equations: TC = 100 -(%CP + %EE + %MM), e NFC = 100 -(%CP + %EE + %NDFap + MM).
Data were analyzed by multiple regressions through the software R (R. development team, 2006). We considered level 5% of probability (p < 0.05) through the method of least squares.
Results and discussion
The effect (p < 0.05) of crambe bran addition for the bromatological composition was observed: DM, CP, NDFap, ADFap, TC and NFC contents; and for the microbiological composition: lactic acid producing bacteria (LAB) and filamentous fungi (FF) ( Table 2) .
Concerning specific mass there was effect (p < 0.05) for MM contents and yeast population. As for EE contents, differences were not observed (p > 0.05) for any factors. Interaction effect was observed (crambe bran x specific mass) for the variables pH and N-NH 3 (Table 2) . enhanced the LAB development in relation to the other microorganisms. This explanation can be grounded when the composition of the co-product analyzed in this study is observed (Table 1) . A linear decrease (p < 0.05) was observed in the yeast population of the silage with SM increase. In general, it has been reported that the yeast are associated with the presence of oxygen in the newly ensiled mass (Muck, 2010) . Thus, the SM increase caused greater oxygen reduction and, consequently, decreased the development of yeast population, providing better conditions of anaerobiosis for the ensilage process.
The compared results between the fermentation process (pH and N-NH 3 ) and the microbiological composition prove the potential of using the CB as an additive for the elephant grass ensilage. In this chain, when the effects of the CB inclusion with the greater SM are evaluated the final product quality is enhanced. Based on this answer, the CB inclusion in concentrations of 20 and 30% in relation with the natural matter, under more intense SM (600 kg de NM m -3 ), would be the most indicated treatments for obtaining a better quality product. However, although we did not observe any problems related with the profile of silages fermentation, the high DM content obtained with the greater concentration of CB can result in possible problems at the moment of compression, mainly when the ensilage is performed in large scale (on the field). In this case, adopting a more conservative view, the addition of 20% of CB is the best way to use this coproduct.
The increasing addition of CB in the elephant grass ensilage linearly increased (p < 0.05) the crude protein contents (CP) of the experimental silages. This answer is due to the high crude protein content (36.4%) present in the bromatological composition of CB (Table 1) . The increasing addition of CB resulted in expressive increases of 8.30; 15.40 and 18.90% of CP for the treatments with addition of 10; 20 and 30% of CB in relation with the control treatment ( Table 2 ). The increase in the CP contents, due to the use of additives in the ensilage, has been reported only for products which present higher CP contents than the mass to be ensiled, and this effect is more intensified when the CP content is higher or even, due to the added concentration (Santos et al., 2010; Zopollatto et al., 2009) .
It is noteworthy to mention that even presenting an expressive increase in the CP contents due to the increasing inclusion of CB; the results did not affect the pH variables, N-NH 3 and the microbiological composition. It would be expected that the sharp increase in the nitrogen content could enhance the elephant grass buffering capacity, promote expressive increase in the N-NH 3 content that, consequently, would damage the fermentation profile of the ensiled mass. Probably, this response was not observed due to the adequate protein:energy ratio for the evaluated treatments. In this case the hypothesis of ensilage enrichment with the CB addition can be consolidated, once this co-product presents high CP contents and a satisfactory NFC content in its constitution (Table 1) .
In general the elevation in the crude protein content obtained in this study can represent an important protein increase in ruminant diets, in such way it reduces the use of protein foods, which constitute the most expensive part in the costs with animal nutrition. Additionally, the inclusion of CB in animal nutrition, independently of the way it is used, constitutes a rational and efficient way to provide a proper destiny to the high volume of this co-product, easing possible impacts with the direct dumping of this "waste" in the environment.
A linear decrease (p < 0.05) was observed in the silage MM contents with the increase of SM. In this case, the compression pressure might have brought bigger losses by effluents, which can explain the reduction in the MM contents under more intense SM. Tavares et al. (2009) working with Tanzania grass silage, observed that as the density was higher, there was an increase in the nutrients losses (carbohydrates, proteins and minerals) through the effluent. Although the effluents are mainly composed by water, big amounts of other compound soluble are present, such as proteins, organic acids, sugars, carbohydrates and the minerals.
The silages NDFap and ADFap were influenced (p < 0.05) by the CB concentrations and presented a decreasing linear response, once this co-product has lower contents of these constituents in its bromatological composition (Table 1) .
The reductions in the NDFap and ADFap contents under the bigger inclusion level (30% of CB) decreased from 23.6 and 12.5 percentage points, respectively, in relation with the treatment without CB. According to Macedo Júnior, Zanine, Borges, & Pérez (2007) , voluminous with cell wall higher than 60% have their consumption limited by the effect of ruminal repletion. In this study the treatments from 20% of crambe bran, presented NDFap concentration lower than 60%, which suggests a bigger consumption and, possibly, greater digestibility due to the reduction in the lignin contents of these silages compared to the control silage. The TC content of the silages presented decreasing linear response (p < 0.05) towards the crambe bran concentrations. This co-product has low total carbohydrates content, which is influenced by the high concentration of crude protein in its constitution. This response is easily explained when we analyze the way how the TC content is calculated (Sniffen et al., 1992) . In this case, the higher the CP and EE contents are, the lower the carbohydrate proportion in the food will be. Thus, when adding an increasing amount of crambe bran in the mass to be ensiled, there will be a lower concentration of total carbohydrates. However, we must highlight that the decrease in the TC contents happens more sharply due to the effective reduction of fibrous carbohydrates, as previously observed in the variables NDFap and ADFap. It is important to note that the fibrous carbohydrates do not constitute instant energy source for the fast pH reduction by the LAB action. Thus, the soluble carbohydrates contents are more important to provide a better quality fermentation profile. This way, as the pH contents for the experimental silages were similar to the evaluated treatments, the TC reduction through the increasing inclusion of CB did not bring effective losses for the ensilage process.
The increasing inclusion of CB promoted a linear increase (p < 0.05) in the NFC content of the experimental silages. The CB can be considered an important source of NFC because it presents a similar value (21.5%) to the foods which are traditionally used as ensilage additives, such as: cottonseed meal (19.2%), corn gluten meal (20.0%) and soybean hulls (17.6%), according to what was reported in literature Rocha Júnior et al. (2003) . The NFC constitution of the additives for ensilage constitutes a major factor for enhancing the fermentation profile of the mass to be ensiled. The simple sugars constitute the main energy source rapidly available for the LAB populations.
The ether extract contents (EE) were not different for any of the studied treatments. Probably the reduced EE contents in the crambe bran and in the elephant grass ensiled mass can have been decisive for this response. Although crambe is defined as an oleaginous plant, the crambe bran consists in the co-product obtained after the extraction of vegetal oil through specific solvents (Carrera et al., 2012) . In this case, the high efficiency of the extraction through solvents provides an effective reduction in the EE contents of this coproduct (Table 1) .
The presented results for the bromatological composition of the experimental silages demonstrated the potential of using the CB as an additive to enrich the nutritional value of tropical grasses silages. In this study, the CP and NFC contents increased and the NDFap and ADFap contents linearly reduced as there was linear effect for the increasing CB addition, the use of this coproduct aiming to nutritionally enrich the elephant grass silage must suggest the 30% addition of CB based on the natural matter.
Through the results evaluation we can suggest the 30% addition of crambe bran (based on the natural matter) in the elephant grass ensilage. Although there was a DM content higher than the recommended one (39.9%) for a proper quality silage, this treatment presented the best results for the parameters: fermentation profile and bromatological composition. However, we presume that the CB doses which are higher than the studied ones in this experiment can promote an excessive increase of DM in the ensiled mass, which can affect the compression of the ensiled mass in the silo, directly damaging the fermentation profile and, consequently, the final product quality. It is noteworthy to mention that the knowledge regarding the moisture content of tropical grasses at the moment of cutting is fundamental for determining the level of inclusion of this additive in the ensiled mass. Thus, the higher the grass moisture content, the greater the necessity of additive inclusion will be to increase the dry matter content of the ensiled mass.
Conclusion
The crambe bran presents great potential to be used as an additive in the elephant grass ensilage, and the indicated dose, based on the natural matter, is 30% of this co-product.
